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(57) ABSTRACT 

A spin-valve type magnetic head which has suf?ciently high 
output is provided. In one embodiment, a structure in which 
high output coexists with high stability is achieved by letting 
a GMR-effect and a current-path-con?nement effect manifest 
themselves at the same time in a GMR- screen layer consisting 
of a ferromagnetic metal spike-like part and a half-covering 
oxide layer. 

8 Claims, 14 Drawing Sheets 
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Fig. 1 3 
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CPP-GMR MAGNETIC HEAD HAVING 
GMR-SCREEN LAYER 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application claims priority from Japanese Patent 
Application No. JP2005-30625l, ?led Oct. 20, 2005, the 
entire disclosure ofWhich is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a magnetic recording/re 
producing apparatus and a magnetic head equipped therein, 
and speci?cally, relates to a magnetic head for a high density 
magnetic recording/reproducing apparatus and a manufactur 
ing method thereof. 
A magnetoresistive magnetic head is used for a read sensor 

in a high density magnetic recording technology mainly com 
posed of a hard disk and is a part Which exerts a strong 
in?uence on the performance of the magnetic recording tech 
nology. Within the framework Where the recording density of 
magnetic recording apparatus Was made higher rapidly, the 
prior art could not achieve a magnetic recording apparatus 
With a suf?ciently high recording density; speci?cally a mag 
netoresistive magnetic head Which functions as the read ele 
ment With su?icient output and sensitivity against external 
magnetic ?elds, and excellent characteristics With su?icient 
stability could not be obtained, so that it has been dif?cult to 
achieve the functions of a recording apparatus. 

Recently, it is Well knoWn that the magnetoresistance of a 
multi-layered ?lm in Which ferromagnetic metal layers are 
stacked through a non-magnetic metal layer, a so-called giant 
magnetoresistance, is large. In the past, When this magnetore 
sistance is used for a magnetic head, a current ?oWing in the 
plane of the layered ?lm, a so-called CIP-GMR, is used. 
Moreover, recently there has been research on a current 
perpendicular-to-the-plane giant magnetoresistance, a 
so-called CPP-GMR, in Which current ?oWs in the ?lm thick 
ness direction of the layered ?lm. The present invention 
relates to a magnetoresistive spin-valve sensor and a magnetic 
head using a CPP-GMR. Examples of patent references in 
this ?eld include JP-A No. 204094/2003, JP-A No. 208744/ 
2002, and JP-A No. 355682/2004. 

BRIEF SUMMARY OF THE INVENTION 

A disadvantage of a magnetic head using a conventional 
magnetoresistive magnetic sensor is that it cannot achieve 
high output. Speci?cally, a problem in the technology of a 
so-called con?ned-current-path type CPP-GMR is that it can 
not control the fabrication of a ?ne pin-hole structure for 
partially ?oWing current in the ?lm thickness direction. The 
structure for partially ?oWing current in the ?lm thickness 
direction is herein called a screen layer. Patent documents 1 
and 2 concretely describe con?gurations in Which a screen 
layer is introduced for a part of the CPP-GMR layered ?lm. 
Since the screen layer is a technology in Which the value of the 
electric resistance is partially increased by con?ning current 
?oWing in the ?lm thickness direction and a large output is 
obtained, the shape and the siZe of the region of the screen 
layer Where current ?oWs and the position of the screen layer 
greatly affect the output of the con?ned-current-path type 
CPP-GMR layered ?lm. On the other hand, the thin ?lm layer, 
Which is a structural element of the CPP-GMR layered ?lm, 
including the screen layer, is very thin. The GMR effect is a 
spin-dependent scattering effect of electrons Which are cre 
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2 
ated in a region With a thickness of about several nanometers. 
The screen layer does not simply con?ne the current, but it 
also, Without disturbing the spin-dependent scattering effect 
of electrons, Which is the principle of GMR, has to affect the 
resistance in Which the magnetoresistance is enlarged by 
con?ning the current to the region Where the GMR is gener 
ated. Therefore, a structure having ?ne holes has to be made 
Well controlled and, Without damaging the basic part of the 
GMR, be made extremely close to this basic part. Therefore, 
in a conventional technology, it is impossible to improve the 
output of a con?ned-current-path type CPP-GMR. 

It is a feature of the present invention to provide a con?ned 
current-path type CPP-GMR Which can achieve stably a high 
magnetoresistance and a high output. 

In the present invention, as a Way to solve the above 
mentioned problems, a magnetoresistive layered ?lm is used 
Which has a GMR-screen layer having altogether both a cur 
rent-path-con?nement effect and a GMR effect. It becomes 
possible to effectively bring about the current-path-con?ne 
ment effect Without giving damage to the GMR effect by 
achieving in a single structure the aforementioned tWo effects 
Which Were usually independent. 

In order to bring together the aforementioned tWo effects, 
the GMR-screen layer is constructed With a structure consist 
ing of a composite of a ferromagnetic metal layer and an 
oxide layer, in Which the oxide layer With holes covers the 
loWer layer of the ferromagnetic metal layer and a part of the 
loWer layer of the ferromagnetic metal layer is exposed 
through the hole part of the upper oxide layer. 

According to a structure in Which a soft magnetic free 
layer, a non-magnetic intermediate layer, and a GMR- screen 
layer are stacked adjacently, in order, a part of the ferromag 
netic metal layer of the GMR-screen layer is exposed or 
spiked at the interface of the non-magnetic intermediate layer 
through the hole parts of the oxide layer, resulting in a GMR 
effect being achieved at parts of the soft magnetic free layer/ 
non-magnetic intermediate layer/spiking parts of the ferro 
magnetic metal layer. According to such a structure, the 
GMR-screen layer achieves both a current-path con?nement 
structure in Which the current path ?oWing in the ?lm thick 
ness direction can be suitably con?ned, and at the same time, 
a GMR effect in Which the exposed ferromagnetic metal layer 
through the holes in the oxide layer and the soft magnetic free 
layer interact With each other. In the folloWing, the aforemen 
tioned exposed or protruding parts of the ferromagnetic metal 
layer may be called a spike-like ferromagnetic metal. 
The GMR screen layer is stacked With a ferromagnetic 

pinned layer through the separation-coupling layer. The sepa 
ration-coupling layer performs the function of making ?ne 
holes Well controlled Which determines the current-path-con 
?nement effect of the oxide layer having the hole part of the 
GMR-screen layer by physically separating the GMR-screen 
layer from the ferromagnetic pinned layer. Moreover, at the 
same time, the separation-coupling layer lets a ferromagnetic 
coupling force Work betWeen the GMR-screen layer and the 
ferromagnetic pinned layer, and it manifests an effect Which 
lets the magnetiZation direction of the GMR-screen layer be 
arranged in one direction. 

In an example Which uses a typical synthetic ferromagnetic 
structure for the ferromagnetic pinned layer, the typical con 
?guration of the present invention Will be, from the substrate 
side, anti-ferromagnetic layer/ ?rst ferromagnetic pinned 
layer/anti-parallel coupling layer/ second ferromagnetic 
pinned layer/separation-coupling layer/GMR-screen layer/ 
non-magnetic intermediate layer/ soft magnetic free layer. 
The aforementioned ?rst ferromagnetic pinned layer and the 
second ferromagnetic pinned layer are the parts Which func 
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tion to arrange the magnetization direction of the GMR 
screen layer, and they do not contribute materially to the 
GMR effect. 
When a typical material of the GMR-screen layer is made 

of a precursor ferromagnetic metal material selected from any 
of Co, CoFe, or a Co alloy and an oxide thereof, an excellent 
GMR-screen layer is obtained. A structure With ?ne holes in 
the GMR-screen layer and a structure mixing an oxide and a 
ferromagnetic metal are fabricated by forming a precursor 
ferromagnetic metal layer on the separation-coupling layer, 
oxidizing an appropriate amount thereof, and annealing in an 
appropriate Way after forming the non-magnetic intermediate 
layer and the soft magnetic free layer, etc. The GMR-screen 
layer, in both the oxide layer part and the ferromagnetic metal 
layer part, is formed With crystalline properties. Using such a 
structure, the crystalline continuity of the ferromagnetic 
pinned layer, the non-magnetic intermediate layer, and the 
soft magnetic free layer, Which are stacked up and doWn 
through the GMR-screen layer, is maintained. That is, the 
crystal grain structure or crystal preferred orientation is kept 
continuous betWeen the ferromagnetic pinned layer, the non 
magnetic intermediate layer, and the soft magnetic free layer. 

Magnetic coupling is generated betWeen the GMR-screen 
layer and the ferromagnetic pinned layer through the separa 
tion-coupling layer, thereby, arranging the magnetization 
direction of the GMR-screen layer and letting the GMR effect 
appear e?iciently. 

According to the aforementioned technique, it is possible 
to achieve a CPP-GMR magnetic sensor having a GMR 
screen layer in Which both the current-path-con?nement 
effect and the GMR effect are provided at the same time. 

According to the present invention, high magnetoresis 
tance and high output can be achieved by applying a structure 
using a GMR-screen layer, in Which a current-path-con?ne 
ment effect and a GMR effect appear at the same time in a 
CPP magnetoresistive layered ?lm. In a magnetic recording/ 
reproducing apparatus in Which this is used for a read head, 
high recording density can be achieved, that is, a short record 
ing Wavelength While recording in a recording medium and 
recording With a narroW recording track Width can be 
achieved, therefore, a su?icient output can be obtained and it 
is possible to keep the recording excellent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a draWing illustrating a layered structure of a 
typical magnetoresistive read sensor of the present invention. 

FIG. 2 is a draWing illustrating a detailed structure of a 
GMR-screen layer of the present invention. 

FIGS. 3(a)-(d) are draWings illustrating a manufacturing 
method of a GMR-screen layer of the present invention and a 
magnetoresistive layered structure using it. 

FIG. 4 is a draWing illustrating a formation process of a 
GMR-screen layer of the present invention. 

FIGS. 5(a)-(c) are conceptual draWings illustrating GMR 
regions of the present invention and conventional structures. 

FIG. 6 is a diagram shoWing the amount of magnetization 
of a GMR-screen layer in a magnetoresistive layered struc 
ture in the case When the thickness of a precursor ferromag 
netic metal layer is varied. 

FIG. 7 is a TEM image in Which a GMR-screen layer of the 
present invention Was observed. 

FIG. 8 is a TEM image in Which a GMR-screen layer of the 
present invention Was observed With attention paid to the 
crystalline structure. 

FIG. 9 is a conceptual draWing of the thickness and the 
structure of a precursor ferromagnetic metal layer. 
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4 
FIG. 10 is a diagram shoWing the relationship betWeen the 

resistance-area product RA and the MR ratio (resistance 
change ratio) of a CPP-GMR element When a GMR-screen 
layer is used. 

FIG. 11 is a diagram shoWing the relationship betWeen the 
thickness and the resistance-area product of a separation 
coupling layer. 

FIGS. 12(a)-(b) are diagrams shoWing an MR curve When 
the thickness of a separation-coupling layer is controlled to be 
0.5 nm Which is an appropriate value and an MR-curve When 
the thickness is controlled to be 2 nm as a comparison. 

FIG. 13 is a diagram shoWing the appropriate thickness 
region of a separation-coupling layer. 

FIG. 14 is a diagram Which experimentally shoWs the GMR 
effect of a GMR-screen layer of the present invention. 

FIG. 15 is a diagram shoWing the experimental results of 
the structure and the compositions of a GMR-screen layer of 
the present invention. 

FIG. 16 is a draWing illustrating a structural example of a 
magnetoresistive magnetic head. 

FIG. 17 is a draWing illustrating a structural example of a 
recording/ reproducing separation type magnetic head for per 
pendicular recording. 

FIG. 18 is a draWing illustrating a structural example of a 
magnetic recording/reproducing apparatus. 

FIG. 19 is diagram shoWing illustrating an example of the 
results of a high temperature acceleration test of a magnetore 
sistive magnetic head of the present invention. 

FIG. 20 is a diagram Which shoWs the results of a high 
temperature acceleration test of a magnetoresistive magnetic 
head of the present invention through a comparison of the 
resistance and the resistance change. 

FIG. 21 is a diagram Which shoWs the results of a high 
temperature acceleration test of a magnetoresistive magnetic 
head of the present invention. 

FIG. 22 is a diagram Which shoWs the results of a high 
temperature acceleration test of a magnetoresistive magnetic 
head of the present invention as an Arrhenius plot. 

DETAILED DESCRIPTION OF THE INVENTION 

A thin ?lm constituting a giant magnetoresistive layered 
?lm of the present invention Was fabricated as folloWs by 
using a dc magnetron sputtering apparatus. The folloWing 
materials Were deposited in order on a ceramics substrate in 
an atmosphere With 0.2 to 0.3 mTorr of argon. Targets of 
tantalum, nickel-iron alloy, copper, CoFe, MnPt, and ruthe 
nium Were used for sputtering targets. The layered ?lm Was 
formed as folloWs. DC poWer Was applied independently to 
each cathode Where each target Was placed to generate plasma 
in the chamber, and each layer Was deposited in order by 
opening and closing the shutter arranged at each cathode, one 
by one. 

While depositing the ?lms, a magnetic ?eld of about 80 
Oersteds Was applied parallel to the substrate by using per 
manent magnets, resulting in uni-axial anisotropy being 
obtained. The MnPt anti-ferromagnetic ?lm Was phase-trans 
formed by annealing the deposited ?lm in vacuum and in 
magnetic ?elds at 2700 C. for three hours. The elements on the 
substrate Were formed by patterning in a photo-lithography 
process. After that, the slider fabrication Was applied to the 
substrate and it Was mounted in a magnetic recording appa 
ratus. 

Embodiment 1 

FIG. 1 is a layered structure of a typical magnetoresistive 
read sensor of the present invention. A magnetoresistive lay 
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ered ?lm 10 is formed by stacking a soft magnetic free layer 
13 and a GMR-screen layer 160 through a non-magnetic 
intermediate layer 12. The GMR-screen layer 160 has a 
spike-like ferromagnetic metal 162 and the spike-like ferro 
magnetic metal 162 is exposed or sticks out from the partial 
holes existing in an oxide layer 161. That is, the oxide layer 
161 With holes covers a ferromagnetic metal layer underneath 
it, a part of the ferromagnetic metal layer ?lls in the hole parts 
of the oxide layer in a convex shape, is exposed and contacts 
the adjacent non-magnetic intermediate layer through the 
hole parts. According to this structure, the GMR screen layer 
160 satis?es both the current-path-con?nement effect, Which 
limits the current-?ow path of the current ?oWing in the ?lm 
thickness direction, and, at the same time, the function for the 
spin-dependent scattering source Which generates the GMR 
effect. The separation-coupling layer 163 contacts one side of 
the interface of the GMR-screen layer 160. This side of the 
interface is opposite the side of the interface Which contacts 
the non-magnetic intermediate layer 12. The GMR-screen 
layer 160 is separated from the ferromagnetic pinned layer 15 
by this separation-coupling layer 163, and the coverage ratio 
of the half-covering oxide layer 161 can be controlled to be an 
appropriate value. 

The ferromagnetic pinned layer 15 consists of the ?rst 
ferromagnetic pinned layer 151, the anti-parallel coupling 
layer 154, and the second ferromagnetic pinned layer 152, 
and, by exchanging coupling With the anti-ferromagnetic ?lm 
11, the magnetiZation is essentially pinned against the mag 
netic ?eld Which should be sensed. The magnetiZation of the 
GMR-screen layer 160 is pinned practically by the ferromag 
netic coupling force through the separation-coupling layer 
163. 

FIG. 2 shoWs a detailed structure of a GMR-screen layer of 
the present invention. The GMR-screen layer consists of a 
composite of a ferromagnetic metal layer and an oxide layer 
With holes Which covers the ferromagnetic metal layer. The 
ferromagnetic metal layer has parts Which spike into the oxide 
layer thereon, that is, the spike-like ferromagnetic metal 162. 
The spike-like ferromagnetic metal 162 is exposed at the 
surface of the GMR-screen layer from the partial holes in the 
oxide layer 161. The oxide layer 161 half-covers the ferro 
magnetic metal layer underneath it, and lets the aforemen 
tioned spiked parts expose and stick out at the hole parts. The 
stick-like ferromagnetic metal 162 is one of the components 
of the ferromagnetic metal part Which is continuously con 
nected to the layered ferromagnetic metal part 166. 

FIG. 3 shoWs a manufacturing method of a GMR-screen 
layer of the present invention and a manufacturing method of 
a magnetoresistive layered structure using it. As shoWn in (a) 
of FIG. 3, the underlayer 14, the anti-ferromagnetic ?lm 11, 
the ?rst ferromagnetic pinned layer 151, the anti-parallel 
coupling layer 154, and the second ferromagnetic pinned 
layer 152 are formed on a substrate, and the precursor ferro 
magnetic metal layer 167 is formed through the separation 
coupling layer 163. Next, it is exposed to oxygen atmosphere 
in the same vacuum equipment. As shoWn in (b) of FIG. 3, by 
performing an oxidation process in an appropriate Way, the 
precursor ferromagnetic metal layer 167 becomes a structure 
in Which an oxidiZed crystalline oxide layer 165 is formed on 
the crystalline non-oxide layer 164 Which is not oxidiZed. 
Next, as shoWn in (c) of FIG. 3, the non-magnetic intermedi 
ate layer 12, the soft magnetic free layer 13, and the protec 
tive/cap ?lm 17 are formed as residual parts of the magne 
toresistive layered ?lm. The non-magnetic intermediate layer 
12 and the soft magnetic free layer 13 are formed crystallo 
graphically continuously With the ferromagnetic pinned layer 
15 through the crystalline oxidiZed layer 165 and the crystal 
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6 
line not-oxidiZed layer 164. Herein, crystallographic conti 
nuity means that the crystal grain structure de?ned by the 
crystal grain boundaries is continuous and it is an indirect 
epitaxial structure in Which the crystal orientation in each of 
crystal grains is identical orpossesses a special relationship in 
the ?lm thickness direction. Details Will be described in the 
explanation of FIG. 8. As shoWn in (d) of FIG. 3, by perform 
ing annealing on the layered structure formed in this manner, 
a composite in Which the oxide layer With holes covers the 
ferromagnetic metal layer, that is, the spike-like ferromag 
netic metal 162 and the half-covering oxide layer 161 having 
a predetermined coverage ratio can be obtained. 
A principle of forming this GMR-screen layer 160 Will be 

described With reference to FIG. 4. 
(1) Co is a metallic material to form a so-called passive 

surface Which stops oxidation only at the surface When it is 
oxidiZed. Therefore, When Co or an alloy mainly composed of 
Co is formed as a precursor ferromagnetic layer and exposed 
to oxygen atmosphere, a crystalline oxidiZed layer With a 
predetermined thickness is formed at the surface, and the 
thickness of this oxide layer is relatively stable against the 
oxidation pressure and oxidation time and it is easy to control. 

(2) The crystalline oxidiZed layer is epitaxial With the 
not-oxidiZed part (crystalline not-oxidiZed layer) of the 
underneath precursor ferromagnetic layer. When the non 
magnetic intermediate layer and the soft magnetic free layer 
are stacked thereon (hereinafter, these parts are called the 
upper structure), the upper structure, the crystalline oxidiZed 
layer, and the crystalline not-oxidiZed layer have a structure 
Which maintains an epitaxial relationship. 

(3) When a half-covering heat treatment is carried out, 
oxygen diffuses from the crystalline oxidized layer into the 
upper structure and the crystalline not-oxidiZed layer to 
approach a thermally stable state. The partially reduced oxide 
becomes a ferromagnetic metal and is precipitated at the grain 
boundaries of the crystalline not-oxidiZed part (ferromag 
netic metal) Which has loW surface energy. 

(4) The speed of the reaction and the degree to Which it 
progresses toWard a thermal equilibrium state can be con 
trolled by controlling the time and the temperature of the 
half-covering heat treatment, Whereby, the GMR-screen layer 
having the half-covering oxide layer and the spike-like ferro 
magnetic metal part is formed. 

Moreover, the separation-coupling layer 163 has an effect 
Which promotes decomposition of the crystalline oxide layer 
1 65 during the half-covering heat treatment. This is thought to 
be due to the thermal decomposition of the crystalline oxi 
diZed layer 165 Which depends on a stress-driven restriction 
from the adjacent metal layer. When there is no separation 
coupling layer 163, decomposition of the crystalline oxidiZed 
layer 165 by annealing is controlled by a strong restriction 
from the adjacent ferromagnetic pinned layer, resulting in the 
microstructure of the GMR-screen layer, that is, the structure 
of the spike-like ferromagnetic metal 162 and the half-cover 
ing oxide layer 161 not being formed as desired. Moreover, 
the separation-coupling layer 163 prevents oxygen from dif 
fusing unnecessarily into the ferromagnetic pinned layer 15 
and has the function of maintaining the stability of the ferro 
magnetic pinned layer 15 at a high level. 
The features of using the manufacturing process of the 

present invention are as folloWs. 
(l)As in the prior art, if the hole-shaped structure is formed 

While depositing, the structure being formed at the upper side 
of the hole-shaped structure becomes inhomogeneous 
because the hole-shaped structure is essentially an inhomo 
geneous structure in the plane of the ?lm. That is, the rough 
ness and inhomogeneity of the crystal preferred orientation 
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(difference between the upper part of the hole and the upper 
part of the part not being a hole) are created in the structure of 
the non-magnetic intermediate layer or the soft magnetic free 
layer, so that adverse effects are generated such as deteriora 
tion of the soft magnetic characteristics. In a method of the 
present invention, there is no hole-shaped structure While 
depositing thin ?lms, and a homogeneous non-magnetic 
intermediate layer and soft magnetic free layer can be 
obtained in the ?lm plane. 

(2) As in the prior art, the siZe of the holes and their number 
become inhomogeneous and unstable When one tries to make 
the hole-shaped structure While depositing the thin ?lms, 
resulting in control being difficult. It is thought that distribu 
tion is principally created by fabrication of the microstructure 
by thin ?lm deposition oWing to the formation of the discon 
tinuous structure. On the other hand, in a fabrication method 
of the present invention, formation is carried out in a homo 
geneous structure during the thin ?lm deposition and oxida 
tion process, and the ratio of the amounts of the metal and the 
oxide can be provided With thermal stability by the subse 
quent heat treatment. Therefore, a current-path-con?nement 
effect can be obtained stably by using a manufacturing 
method of the present invention. 

(3) Moreover, in the method of the present invention, the 
effect of increasing the chemical stability can be obtained by 
annealing after fabricating the non-magnetic intermediate 
layer and the soft magnetic free layer. In the case When the 
heat treatment is carried out at the point of the precursor layer 
only, the region Where oxygen can diffuse is only the ferro 
magnetic pinned layer side, and both the non-magnetic inter 
mediate layer and the soft magnetic layer fabricated subse 
quently are not affected by oxygen. Therefore, if a situation is 
created Where oxygen diffuses in the subsequent processes, 
oxygen starts diffusing aneW into the non-magnetic interme 
diate layer and the soft magnetic free layer, so that the char 
acteristics of the magnetoresistive layered structure do not 
become stable. In the manufacturing method of the present 
invention, the magnetoresistive layered structure is formed 
before the half-covering heat treatment, and the non-mag 
netic intermediate layer and the soft magnetic free layer Work 
beforehand as a part of the diffusion path of oxygen by 
annealing. Therefore, since the diffusion of oxygen is not 
promoted even if the temperature is increased or current 
?oWs, a constant current-path-con?nement effect and stabil 
ity of the magnetic characteristics of the soft magnetic free 
layer can be achieved. 

Examples of concrete material used for the con?guration 
of the layered ?lm shoWn in FIGS. 1, 2, and 3 Will be shoWn 
as folloWs. There is an under layer 14: Ni52Fel3Cr35 (5 nm), 
an anti-ferromagnetic ?lm 11: Mn52Pt48(l 5 nm), a ?rst fer 
romagnetic pinned layer 151: Co90Fel0 (3 nm), an anti 
parallel coupling layer 154: Ru (0.8 nm), a second ferromag 
netic pinned layer 152: Co90Fel0 (2 nm), a separation 
coupling layer 163: Cu (0.5 nm), a precursor ferromagnetic 
metal layer 167: Co90Fel0 (1.5 to 3 nm), a non-magnetic 
intermediate layer: Cu (2 nm), a soft magnetic free layer 13: 
Co90Fel0 (l nm)/Ni80Fe20 (2 nm), a protective/cap layer 
Cu (1 nm)/Ru (5 nm). 

FIG. 5 is conceptual draWings of GMR regions of the 
present invention and the prior art. (a) of FIG. 5 is a structure 
of the present invention. (b) of FIG. 5 shoWs a conventional 
structure 1 as a comparative example in Which a current 
screen layer is included in the non-magnetic intermediate 
layer, and (c) of FIG. 5 shoWs a conventional structure 2 as a 
comparative example in Which a current-screen layer is 
included in the ferromagnetic pinned layer. 
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8 
In the structure of the present invention, as shoWn in (a) of 

FIG. 5, the GMR-screen layer 160 and the soft magnetic free 
layer 13 are adjoined to each other separated merely by a 
distance of the thickness of the non-magnetic intermediate 
layer 12, therefore, the required migration length of electrons 
in the part Where the GMR phenomenon is generated Which 
generates the read signal is about the thickness of the non 
magnetic intermediate layer 12. The thickness of the non 
magnetic intermediate layer 12 can be made thin to keep the 
magnetic coupling betWeen the soft magnetic free layer 13 
and the GMR-screen layer 160 to be suf?ciently small. The 
magnetic coupling betWeen the soft magnetic free layer 13 
and the GMR screen layer 160 can be made almost Zero, even 
if it is concretely made as thin as about 2 nm. Since the GMR 
effect is an exchange of the electron spin information betWeen 
the tWo layers Which are the GMR region, the con?guration of 
the present invention can make the GMR effect larger. 
When the GMR region of the conventional structure 1 

shoWn in (b) of FIG. 5 is similarly seen for the sake of 
comparison, there is a non-magnetic intermediate layer, 
Which is one Where a current screen layer is sandWiched 
betWeen the soft magnetic free layer and the ferromagnetic 
pinned layer, Where the spin information is exchanged. In the 
conventional structure 1, the total thickness of the non-mag 
netic intermediate layer becomes thicker by sandWiching the 
current screen layer, and the distance required to exchange the 
spin information becomes larger. 

It is the same in the conventional structure 2 shoWn in (c) of 
FIG. 5 in Which a current-screen layer is sandWiched in the 
ferromagnetic pinned layer. Since the current-path-con?ne 
ment enlarges the contribution to the adjacent electrical resis 
tance, in the GMR region of the conventional structure 2, one 
only has to think about the distance betWeen the soft magnetic 
free layer and the current screen layer surrounding area in the 
ferromagnetic pinned layer. Exchange of the spin data is 
carried out in the distance only of the sum total of thicknesses 
of the non-magnetic intermediate layer and a part of the 
ferromagnetic pinned layer. 

According to such a theory, it can be understood that the 
effect of increasing the MR ratio by using a structure of the 
present invention is high compared With a conventional struc 
ture. 

FIG. 6 shoWs the change in the amount of the magnetiZa 
tion of a GMR-screen layer in a magnetoresistive layered 
structure in the case of the ?lm thickness of the precursor 
ferromagnetic metal layer being changed. Herein, the amount 
of the magnetiZation of the GMR-screen layer is the value 
Where the amounts of magnetiZation of the soft magnetic free 
layer and the ferromagnetic pinned layer are subtracted from 
the total amount of magnetiZation after fabricating the mag 
netoresistive layered structure. As a comparison, the amount 
of the magnetiZation in the case When an oxidation process is 
not carried out is also shoWn. 

The amount of the magnetiZation of the GMR- screen layer 
(no oxidation process) increases linearly, passing through the 
origin, in proportion With the thickness of the precursor fer 
romagnetic metal layer. In the case of the GMR-screen layer 
(oxidation process being applied) the magnetiZation of the 
GMR- screen layer is Zero When the thickness of the precursor 
ferromagnetic metal layer is 1 nm, and it is understood that the 
1 nm thick precursor ferromagnetic metal layer is entirely 
oxidiZed. When the precursor ferromagnetic metal layer is 
made even thicker, the magnetiZation increased shoWing the 
linear relationship having the same inclination as the case 
Where there Was no oxidation process. As a result, by using 
the manufacturing method shoWn in FIG. 3 of the present 
invention, the precursor ferromagnetic metal layer is oxidiZed 
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only about 1 nm and is maintained in the state of ferromag 
netic metal to form the GMR-screen layer. 

FIG. 7 is a TEM image observing a GMR-screen layer of 
the present invention. Although it is very dif?cult to observe 
experimentally the structure, such as the structure of the 
present invention, Which has locally mixed sections on an 
extremely thin plane, a structural image of the GMR-screen 
layer of the present invention could be observed as a result of 
diligent observation. 

In the cross-sectional observation image shoWn in FIG. 7, 
the crystal lattice is observed in the entire observed area, and 
it is understood that the magnetoresistive layered structure of 
the present invention has excellent crystal preferred orienta 
tion. The structure of each part observed in FIG. 7 can be 
understood by measuring the lattice spacing of the lattice 
image observed in FIG. 7 and comparing it With the layered 
structure design. The lattice spacing of 0.25 nm is almost 
identical With the lattice spacing of oxide that CoO is a rep 
resentative, so that it is understood that this part is a crystal 
line oxide composed of C040 or CoFe4O. It is understood 
that this region of the crystalline oxide, that is, a so-called 
half-covering oxide layer structure of the present invention, is 
extended in almost a layered shape as shoWn in the dotted line 
in FIG. 7 and has “holes” partially. Parts of these holes are 
also crystalline and the lattice spacing is 0.21 nm Which is 
identical to the CoFe (1 1 1) plane, and corresponds to the parts 
maintaining the state of the ferromagnetic metal in the GMR 
screen layer described in the explanation of FIG. 6. The upper 
and loWer layers of this GMR screen layer are the non-mag 
netic intermediate layer (Cu) and the ferromagnetic pinned 
layer (CoFe), respectively. 
From the aforementioned results, it is thought that the 

GMR- screen layer of the present invention has a structure like 
the schematic draWing shoWn at the bottom of FIG. 7. A part 
of about 1 nm in the precursor ferromagnetic metal layer 
becomes a crystalline oxide and becomes a half-covering 
oxide layer Which half-covers the part not in an oxidiZed state. 
The ferromagnetic metal not in an oxidiZed state consists of 
the layer-structured part and the spike-like ferromagnetic 
metal Which sticks in the half-covering oxide. 

Moreover, When attention is paid to the crystalline state of 
the upper and loWer layered parts of the GMR-screen layer, an 
epitaxial relation can be observed. FIG. 8 is an image of a 
TEM image, the same as FIG. 7, When attention is paid to the 
crystalline states of the ferromagnetic pinned layer, the non 
magnetic intermediate layer, and the soft magnetic free layer. 
As shoWn in bothA and A' in FIG. 8, the lattice images of the 
strongly oriented (1 1 1) plane is observed in the ferromagnetic 
pinned layer and the non-magnetic intermediate layer, so that 
it is understood that they are continuously connected through 
the spike-like ferromagnetic metal. The soft magnetic free 
layer also has a continuous crystal structure With the non 
magnetic intermediate layer (A"). Although the parts shoWn 
as B and B' are connected through the half-covering oxide 
layer, B, B', and B", also similar to this case, exhibit lattice 
images of a strongly oriented (111) plane, so that it is under 
stood that B, B', and B" keep a crystallographically identical 
relation. Moreover, the crystal grain boundaries in the vicin 
ity of B, B', and B" are shoWn in the dotted line in the ?gure, 
and the spatial relation of the crystal grain boundaries is 
identical in the ferromagnetic pinned layer and both of the 
non-magnetic intermediate layer and the soft magnetic free 
layer Which are above and beloW through the half-covering 
oxide layer. 
As mentioned above, the magnetoresistive layered struc 

ture of the present invention is formed While maintaining 
crystalline continuity both above and beloW through the 
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10 
GMR-screen layer. This is the same in the part of the spike 
like ferromagnetic metal and the part of the half-covering 
oxide layer in the GMR-screen layer, resulting in being able 
to maintain the crystallinity of the soft magnetic free layer at 
a high level. Since the magnetic characteristics of the soft 
magnetic free layer can be maintained very Well and the 
crystalline stability of the GMR-screen layer enhanced by the 
continuity With the upper and loWer ?lms, the GMR-screen 
layer of the present invention can demonstrate high long-term 
reliability. 

FIG. 9 is conceptual draWings of the thickness and struc 
ture of a precursor ferromagnetic metal layer. This structure is 
a structure after the heat treatment process shoWn in FIG. 3. In 
the case When the thickness of the precursor ferromagnetic 
metal layer is thin (FIG. 9(a)), it becomes a structure Where 
the entire precursor ferromagnetic metal layer becomes an 
oxidiZed ?lm as understood from the amount of the magne 
tiZation shoWn in FIG. 6. This oxidiZed ?lm has tiny pinholes, 
so that current con?nement is possible but the GMR effect 
cannot be observed at this part because it does not have the 
ferromagnetic metal part. The GMR effect observed in this 
structure is a GMR effect Which is created betWeen the soft 
magnetic free layer and the ferromagnetic pinned layer pass 
ing through the aforementioned oxide layer, resulting in not 
being able to obtain a high MR ratio because of the long 
distance betWeen them. When the precursor ferromagnetic 
metal layer is made thicker, the structure of the magnetore 
sistive layered structure after annealing becomes one in 
Whichboth oxide and ferromagnetic metal particles coexist as 
shoWn in (b) of FIG. 9. In this structure, a GMR effect can 
exist because of the existence of ferromagnetic metal par 
ticles, but, since the volume and the thickness of the ferro 
magnetic metal particles are small, the scattering probability 
of electrons is small in addition to instability of the magneti 
Zation. 
The structure of a GMR-screen layer of the present inven 

tion shoWn in (c) of FIG. 9 is fabricated by forming the 
precursor ferromagnetic metal layer even thicker and carry 
ing out an appropriate oxidation treatment, stacking treat 
ment, and annealing. A current-path-con?nement effect is 
obtained by the crystalline oxide and, in addition, a high 
GMR effect appears, caused by sticking out the ferromag 
netic spiking part out of the non-covering part of the crystal 
line oxide. Furthermore, the ferromagnetic metal anchors the 
spiking parts in a layered shape to increase the volume of the 
ferromagnetic metal, resulting in both magnetic stability and 
a high scattering effect being achieved. As a result, the GMR 
screen layer of the present invention can exchange the spin 
information of electrons e?iciently With the soft magnetic 
free layer, resulting in a high MR ratio appearing. In the 
structures shoWn in (a) and (b) of FIG. 9, a GMR effect is 
created by exchanging the spin information betWeen the soft 
magnetic free layer and the ferromagnetic pinned layer, and, 
on the other hand, a GMR effect is created betWeen the 
GMR-screen layer and the soft magnetic free layer in the 
present invention. Using a thick precursor ferromagnetic 
metal layer for formation of the GMR-screen layer has the 
effect of improving the current-path-con?nement effect, so 
that it Will be described separately later With reference to 
FIGS. 10 and 11. 

FIG. 10 is a diagram Which shoWs the relationship betWeen 
the resistance-area product RA and the MR ratio (resistance 
change ratio) of a CPP-GMR element for the case When a 
GMR-screen layer is used. A, B, and C in the ?gure corre 
spond respectively to (a), (b), and (c) of FIG. 9, and the 
thicknesses of the precursor ferromagnetic layers are 0.8 to 
1.2 nm, 1.2 to 1.5 nm, and 1.5 to 4 nm, respectively. With the 








